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Abstract 
The conventional compliance test for conductive EMI noise is based on LISN which can only show the pass or failure of the total 
noise, but can not indicate which component (CM or DM component) is the predominant one if the test fails to meet the EMC 
regulation, and thus, EMI filter design is difficult due to the lack of CM or DM noise information. Though some attempts have 
been done for conductive EMI noise separating network research and CM or DM noise can be extracted, the network 
performance usually is not ideal at high frequency because of the parasitic effects and also the network is often complicated and 
not cheap in implementation. This paper presents a novel identification method of conducted EMI noise using independent 
component analysis (ICA) and signal statistics for underground power electronic systems. This Research shows that with this 
signal process technique, the identification of EMI noise is not only robust, but also simple and economic in implementation. 
Keywords: power electronics; conducted EMI noise identification; independent component analysis(ICA); signal statistic; 
1. Introduction 
Electromagnetic compatibility (EMC) has been an important issue in modern electrical and electronic industries 
[1]-[8] because higher switching frequency can be achieved through the progress in semiconductor technology. 
Electromagnetic interference (EMI) emission is one of important affairs in EMC for any electric and electronic 
equipment, especially for those power electronic systems used in underground environment due to the strict mining 
safety regulation required by government. The conventional compliance test for conductive EMI noise is based on 
line impedance stabilization network (LISN) which can only show the pass or failure of the total noise, but can not 
indicate which component, i.e. common-mode (CM) or differential-mode (DM) component, is the predominant one 
if the test fails to meet the EMC regulation. Thus, EMI filter design is often difficult due to the lack of CM or DM 
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noise information. Some attempts have been done for conductive EMI noise separating network research and CM or 
DM noise can be extracted, either based on RF transformers like Paul’s [9], See’s [10] and Mardiguian’s [10] networks, 
or based on RF splitter like Guo’s [12] network, however, these networks are usually not of ideal separating 
performance at high frequency because of the parasitic effects, for example, when frequencies are high enough, the 
separating performances of the networks may be even degraded about 10-20dB [13]-[14]. Moreover, these networks are 
also complex and expensive in use. For this reason, a novel identification method of conducted EMI noise by using 
independent component analysis (ICA) and signal statistics are proposed in this paper for underground power 
electronic systems. With this signal processing method, no special separating network is adopted in the 
identification and this can be applied in any conductive EMI noise measurement. 
2. Conducted EMI noise characterization by ICA algorithm 
2.1. Fast independent component analysis (ICA) algorithm 
The mathematic description between observed variables and EMI noise sources is 
x(t)=As(t)   (1) 
where vector s(t)=[s1(t)  s2(t)…sN(t)]T represents N noise sources and x(t) means M observed signals from M 
sensors. If the noise sources are statistically independent, the source vector s(t) can be reconstructed from the 
observed vector x(t) by using ICA[14]. 
In the fast ICA algorithm, all weight vectors are generated one by one. For each weight vector w, it is achieved in 
the following way. First, preprocessing should be done before ICA implementation so as to ease the ICA estimation 
and make the problem better conditioned, which includes two steps of centering and whitening. The fast ICA is 
realized through the nongaussianity of the covariance matrix of x. The fast ICA learning rule finds a direction, i.e. a 
unit vector w such that the projection Tw x%  maximizes nongaussianity. Generally, the implementation of fast ICA 
algorithm can be simplified as following steps. 
Step #1: Choose an initial (e.g. random) weight vector w. 
Step #2: Let T TE[ g( )] E[ g( )]+ = −w x w x w x w& , where 2g( u ) u exp( u / 2 )= −  
Step #3: Let + +=w w / w  
Step #4: If not converged, go back to Step #2. 
It should be mentioned that the convergence in above process means that the old and new values of w point in the 
same direction, i.e. their dot-product is (almost) equal to 1. It is not necessary that the vector converges to a single 
point, since w and -w define the same direction. For those observed variable vectors at different time and also in 
order to estimate more  independent components, it should be done for running the one-unit Fast ICA algorithm 
using several units with weight vectors w1, ...,wn. On the other hand, to prevent different vectors from converging to 
the same maxima, it has to decorrelate the outputs w1, ...,wn  after every iteration。 
2.2. Description of independent components in conducted EMI noise 
The conventional test for compliance to conductive EMI emission employs a Line Impedance Stabilization 
Network (LISN). The noise currents exiting the power supply consist of two components: the DM noise current IDM 
(w), which flows out live and returns via neutral, and the CM noise current ICM (w), which  flows out live and 
neutral and returns via the earth wire. It can be seen that the DM currents in the live and neutral wires are equal in 
magnitude and opposite in direction, whereas the CM currents are equal in magnitude and directed in the same 
direction. Since the sources of CM and DM noise in the equipment are of different nature, the CM noise and DM 
noise are two independent components. Then the noise current on live and neutral line should be as 
IL= ICM + IDM IN= ICM +- IDM (2) 
2.3. Conducted EMI noise characterization using ICA 
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As seen in Fig.1, two RF current probes are used for picking up noise currents of IL(w) on live line and IN(w) on 
neutral line.. There should be a linear response between the EMI noise current flowing on main power line and the 
picked-up current flowing on current probe, and this relationship (see Fig.2) is analyzed below. Assuming that the 
input signal IO1 from the current probe picks up the current IL from live line, and also assuming that the mutual 
inductance between the live line and this current probe coil is M1, , the measured voltage at the oscilloscope terminal 
can be expressed as 
              
Fig. 1. Test setup for EMI noise characterization using ICA method  Fig. 2. Analyzed model of RF current probe 
jwM1IL = 50IO1  (3) 
Substituting IL = ICM + IDM into formula (3) yields 
1 1
1( ) ( ) ( )50 50O CM DM
jwM jwMI w I w I w= +   (4) 
It is the same for the other current probe picking up the induced current IO2 (t) on the neutral line. Now we 
transform frequency domain equations into time domain matrix equations, i.e., 
⎥⎦
⎤⎢⎣
⎡
′
′⋅⎥⎦
⎤⎢⎣
⎡
−=⎥⎦
⎤⎢⎣
⎡
)(
)(
50/50/
50/50/
)(
)(
22
11
2
1
tI
tI
MM
MM
tI
tI
DM
CM
o
o   (
It can be found from Eq.(5) that the observed signals Io1(t),  Io2(t) are the linear weighted sums of the signal 
differentials I’CM(t) and I’DM(t), which meet the conditions of ICA method. By employing fast ICA algorithm as 
given in Section2.1, differential components I’CM(t) and I’DM(t) are separated from each other and by the following 
process. 
[ ]T21 )()( tItI oo=x                  [ ] xww T21T ][)()( =′′ tItI DMCM  (6) 
Now the conducted EMI noise components ICM (t) and ICM (t) are obtained by integration of Eq.(6). 
3. Conducted EMI noise identification based on signal statistic 
3.1. Experiment scheme 
When two independent components of conducted EMI noise are separated and achieved by ICA method, it is 
necessary to identify which is CM component or DM component so as to offer valuable information for CM filter 
and DM filter design. For this purpose, an additional test is further done by inserting an EMI filter as seen in Fig.3 
This EMI filter for achieving one of the independent components may be either CM filter or DM filter. For example, 
if the filter is a CM filter like a common-mode choke for CM noise filtering, CM noise is attenuated in the main 
measurement circuit and DM noise becomes predominant and is detected by current probe and regarded as the 
reference signal. Then this measured signal by the oscilloscope should be to some extent similar to the 
corresponding DM component separated by ICA. Therefore, the conducted EMI noise can be identified based on 
signal statistic analysis, i.e. correlation coefficient analysis between the separated independent components and the 
reference signal. 
As seen in Fig.3 a CM filter is inserted, then only DM noise remains and is regarded as reference signal. Now the 
mutual-correlation coefficient [15] between the reference signal and those separated signals can be calculated, and the 
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separated signal corresponding to the larger coefficient should be the DM noise signal. The mutual-correlation 
coefficient between two data sets can be defined as 
 
 
Fig. 3. One of independent components of EMI noise acquired by inserting an EMI filter in the test circuit 
ρXY=CXY / ρX/ ρY  (7) 
Where CXY=E[(X-E[X])·(Y-E[Y])], ρX=CXX, and ρY=CYY 
4. Application 
To better understand the application of conducted EMI noise identification by using ICA and signal statistic for 
power electronic system, a numerical example is completed, in which a Boost converter of switched mode power 
supply (SMPS) is selected in the circuit simulation as seen in Fig.4. 
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Fig. 4. A Boost converter for simulation of conducted EMI noise identification using ICA and signal statistic 
In order to generate CM noise and DM noise of two independent components, the equivalent circuits of CM noise 
and DM noise are employed to ease the circuit simulation. It is known [16] that for Boost converter, usually the CM 
noise equivalent consists of CM noise source and capacitive load since CM current flows through the stray 
capacitance between the drain pole of MOSFET and the heat sink tied to the ground, while the DM noise equivalent 
consists of DM noise source and inductive load since DM current flows between the live and neutral lines through 
Boost inductor. With these circuit models and other assumed proper SMPS operating parameters including 
frequency, rise time and duty cycle time of a typical trapezoid waveform of driven circuit signal together with 
circuit element value, the CM noise and DM noise signals in time domain are generated by SPICE circuit simulation 
shown in Fig.5 as original independent components. The observed signals from two current probes are shown in 
Fig.6， which are the linear weighted sums of differentials of independent CM and DM components as described in 
formula (5). For the observed signals shown in Fig.6, the fast ICA algorithm in this paper is accomplished and two 
separated independent components are obtained as seen in Fig.7. In order to identify the separated components as 
CM component or DM component, an additional measurement is done as seen in Fig.3 where a CM choke is 
inserted in the circuit, and sequentially, a new observed variable of DM noise component is obtained in Fig.8 as the 
reference signal for noise identification. Next, the mutual-correlation coefficients between the reference signal and 
the separated component signals are calculated according to formula (7) and the results are shown in Fig.9. It is 
found from the correlation analysis in Fig.9 that the maximum correlation coefficient of #2 separated component 
signal is equal to 0.36, larger than that of #1 component,  whereas that of #1 is only equal to 0.1. According to this, 
the noise can be identified, that is,  the # 2 separated signal is DM noise, and # 1 separated signal is CM noise 
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 Fig.5. SPICE simulation                Fig.6. Two observed signals             Fig.7. Two separated components        Fig.8.  Referred signal of DM noise 
 
Fig. 9. The mutual-correlation coefficients results 
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